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Dietary tryptophan supplementation prevents proteinuria
in the seven-eighths nephrectomized rat
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The Renal Division of the Medical Service, San Francisco General Hospital Medical Center, and the Department of Medicine,
University of California, San Francisco, California
Dietary tryptophan supplementation prevents proteinuria in the seven-
eighths nephrectomized rat. Surgical reduction of renal mass in the rat
leads to proteinuria, hypertension, and progressive renal failure beyond
that of the original physical destruction of renal mass. Both hyperten-
sion and proteinuria have been implicated in the process of progression
of renal failure. The seven/eighths nephrectomized rats fed a diet
supplemented with 4% tryptophan (UT) had a urinary albumin excre-
tion rate of 0.055 0.056 mg/l00 g body weight/hr compared to 0.02
0.029 mg/100 g body weight/hr in control rats, whereas the nephrecto-
mized rats fed a regular diet (UR) excreted 1.12 0.730 mg/100 g body
weight/hr (P < 0.001). Hypertension was also prevented in the UT
group but not in the UR group. Once hypertension and proteinuria were
established during maintenance on a regular diet, they were not
reversed by subsequent dietary tryptophan supplementation. If dietary
tryptophan supplementation is continued, however, the progressive
histopathology that develops after seven-eighths nephrectomy is not
prevented despite avoidance of proteinuria and hypertension.
La supplementation alimentaire en tryptophane prévient Ia protéinurie
chez le rat néphrectomisé au sept/huitièmes. La reduction chirurgicale de
Ia masse rénale chez le rat entraine une protéinurie, une hypertension,
Ct une insuffisance rénale progressive supérieure a celle liée a La
destruction physique initiale de Ia masse rénale. L'hypertension et Ia
protéinurie ont été impliquees dans le mécanisme de progression de
l'insuffisance rénale. Des rats néphrectomisés aux sept/huitièmes rece-
vant un régime supplémenté avec 4% de tryptophane (UT) avaient un
debit d'excrétion urinaire d'albumine de 0,055 0,056 mg/l00 g de
poids corporel/heure, par rapport a 0,02 0,029 mg/l00 g de poids
corporellheure chez les rats contrhles, tandis que des rats néphrecto-
misés aux sept/huitièmes recevant un régime normal (UR) excrétaient
1,12 0,730 mg/lOO g de poids corporel/heure (P < 0,001). L'hyperten-
sion est egalement prévenue dans le groupe UT mais non dans le groupe
UR. Une fois que l'hypertension et La protéinurie sont établies pendant
l'administration d'un régime normal, elles ne sont plus réversibles par Ia
supplementation alimentaire en tryptophane ultérieure. Si La supple-
mentation alimentaire en tryptophane est poursuivie, cependant, l'altér-
ation histologique progressive qui se développe après La néphrectomie
des sept/huitièmes n'est pas prevenue, malgré l'absence de protéinurie
et d'hypertension.
An experimental model of uremia in the rat is produced by
partial infarction or partial resection of the kidney. Hyperten-
sion, proteinuria, and progressive renal disease then occur.
This was originally described by Chanutin and Ferris [1] and
has been confirmed by other investigators [2—7]. Shea, Ras-
kova, and Morrison [4] documented a progressive increase in
glomerular volume that precedes the development of heavy
proteinuria in rats made uremic by partial nephrectomy. They
found that proteinuria became severe before ultrastructural
changes of glomerular pathology were apparent and suggested
that it might have been responsible for development of the
histologic changes [4]. Shimimura and Morrison [5] made
similar observations and described the development of focal
sclerosis and an increase in hyaline substances in the glomeru-
lar tufts. Again, the development of proteinuria antedated the
development of pathologic changes. Purkerson, Hoffsten, and
Klahr [2] studied the development of histopathology, protein-
uria, and hypertension in rats made uremic by partial renal
ablation. They found that while the hypertension could be
prevented by antihypertensive agents, proteinuria and renal
failure both developed. Robson et al [8] demonstrated that an
alteration in glomerular permselectivity occurred even in rats
with a unilateral nephrectomy in which the remaining kidney
was left intact and suggested that alterations that produce
proteinuria occur as part of the adaptive changes in response to
the reduction of renal mass. The progressive histopathologic
changes, the hypertension, and the functional deterioration
then perhaps develop secondary to and certainly after the
development of proteinuria [2, 4, 5].
Hostetter et al [9] compared glomerular changes in the
remnant kidney in rats maintained on either a 6 or 24% protein
diet after partial renal ablation. Hemodynamic changes, pro-
teinuria, and characteristic histopathologic changes all occurred
in the rats maintained on the 24% protein diet, whereas none of
these changes occurred in the rats maintained on the 6% protein
diet. They suggested that the structural lesions and resultant
proteinuria were secondary to hyperfiltration resulting from
renal adaption to the need to filter more solute per nephron.
While studying the effects of dietary tryptophan supplemen-
tation on albumin synthesis in the uremic rat, we found that
although renal failure was comparable in uremic rats fed a
tryptophan-supplemented diet (UT) and in uremic rats fed a
regular diet (UR), proteinuria and albuminuria were greatly
ameliorated in the tryptophan-supplemented animals. Studies
were then carried out to determine whether or not administra-
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tion of excess tryptophan to rats after they received seven-
eighths nephrectomy results in amelioration of the histologic
changes that occur in this model of renal failure and whether or
not tryptophan administration reduces established proteinuria
in the nephrectomized rats.
Methods
Male Sprague-Dawley rats weighing 180 to 200 g were used.
Chronic renal failure was induced by a two-stage procedure.
Surgery was performed under pentothal sodium anesthesia, 50
mg/g intraperitoneally. Initially, three fourths of the left kidney
were removed using a sharp scissors. Hemostasis was obtained
by pressure on the cut surface. Care was taken to avoid entering
the collecting system. A right nephrectomy was performed 2
weeks after the intitial procedure. Sham-operated animals were
prepared by bilateral flank incisions with exposure of the
kidney; the sham procedure was also performed in two stages.
After the second operative procedure, the animals were placed
randomly on a standard laboratory diet or a diet supplemented
with tryptophan.
Diet preparation
Rat chow was obtained from Simonsen Laboratories, Inc.,
Gilroy, California, and was used by itself for rats fed a regular
diet. Ten kilograms of the high tryptophan diet were prepared
as follows: To 8 kg of Simonsen diet, we added 400 g tryptophan
obtained from Sigma Chemical Co. (St. Louis, Missouri), 80 g
Wesson corn oil, 345 g corn starch obtained from Sigma, 25 ml
of Vi-Daylin® vitamin drops obtained from Ross Laboratories
(Columbus, Ohio), 4.5 g of choline carbonate (Sigma), and a
mineral-salt mix to approximate the quantity in 2 kg of the
Simonsen diet consisting of 28.7 g CaCO3 (MCB, Norwood,
Ohio), 29g CaHPO4 (Sigma), 31.3 g K2HPO4, 16.755 g KH2PO4
(Baker, Phillipsburg, New Jersey), 20 g NaC1 (Mallinkrodt,
Paris, Kentucky), 949 mg ZnSO4 7 HO (Allied Chemical,
Morristown, New Hampshire), and 776mg MnCl2 4 H20, 1.61
g FeSO4 7 H2O, 103 mg CuSO4 5 HO (Baker). The
tryptophan-supplemented diet was isonitrogenous with the
same ratio of carbohydrate:fat:amino acid as the original diet. A
partial comparison of the composition of the two diets is shown
in Table 1. The vitamin contents of the diet per pound were
vitamin A, 10,900 U; vitamin D, 1470 U; vitamin E, 31 U;
vitamin K, 3 mg; riboflavin, 3.4 mg; niacin, 27 mg; pantothenic
acid, 9 mg; choline, 912 mg; folic acid, 0.58 mg; thiamine, 5 mg;
pyridoxine, 2.8 mg; biotin, 63 rg; and vitamin B12, 12 gig.
Experimental groups
Group C. Twelve sham-operated control animals were
housed separately. Each was fed 20 g of standard Simonsen rat
chow per day for 4 weeks after the second operative procedure.
Rats were then placed in metabolic cages. Urine was collected
for three sequential 24-hr periods over a crystal of thymol as a
preservative, and blood was obtained from a tail vein daily.
Albumin catabolism was then studied in each rat.
Group UR. Thirteen seven-eighths nephrectomized rats were
housed separately and each fed 20 g of standard Simonsen
laboratory chow per day for 4 weeks after right nephrectomy.
They were then treated as the group C rats. After the catabolic
study, the animals were killed and the left renal remnant was
removed and placed in formalin for histologic study.
Table 1. Partial comparison of control and tryptophan-supplemented
diets
Constituent
Regular
diet %
Tryptophan-supplemented
diet %
Protein 20 16 + 4 tryptophan = 20
Fat 4 4
Carbohydrate 69 69
Ash 7 7
Amino acid composition — —
Arginine 1.35 1.08
Lysine 0.9 0.72
Methionine 0.4 0.32
Methionine and cystine 0.68 0.54
Tryptophan 0.18 4.14
Isoleucine 0.7 0.56
Leucine 1.41 1.13
Histodine 0.4 0.32
Threonine 0.66 0.53
Glycine 1.89 1.51
Phenylalanine 0.86 0.69
Valine 1.00 0.80
Group UT. Thirteen seven-eighths nephrectomized rats were
housed separately and each fed 20 g of tryptophan-supplement-
ed rat chow per day for 4 weeks after right nephrectomy. They
were then treated as the group UR rats. Data from these three
sets of animals appear in Table 2.
Cross-over studies. In eight UT rats blood pressure, albumin-
uria, and proteinuria were measured at the end of 4 weeks on
the tryptophan-supplemented diet. They were then placed on a
regular diet for an additional 4 weeks and the same measure-
ments were repeated, creating group UTR. In eight UR rats
similar measurements were carried out at the end of 4 weeks on
the regular diet and then after 4 weeks on the tryptophan-
supplemented diet, creating group URT.
Time control studies. Two sets of uremic rats were studied.
In six UT rats proteinuria and albuminuria were measured after
4 weeks on the tryptophan-supplemented diet and again after 8
weeks on the same diet, forming group UTT.
Blood pressure measurement. Blood pressure was measured
using a tail cuff calibrated with a mercury monometer. The rats
were awake, lightly restrained, and warmed. The tail cuff was
attached to a pressure transducer that was coupled to an
electronic pressure gauge (Electronics for Medicine, White-
plains, New York). The tail artery was auscultated with a
transcutaneous Doppler Model 801 A, (Parks Electronics Lab,
Beaverton, Oregon). The blood pressure was recorded as the
first sound auscultated. Ten measurements were made on each
rat and were averaged.
Histologic studies. The UT and UR rats were killed with
pentobarbital sodium at the end of the catabolic study, de-
scribed previously. The left renal remnant was removed and
fixed in buffered formalin. Three-micron paraffin sections were
stained with either hematoxylin and eosin or periodic acid-
Schiff.
Laboratory analysis. Blood urea nitrogen was determined by
the method of Chaney and Marbach [10]. Creatinine was
measured by the method of Grafnetter, Janosová, and Cervin-
kovã [11]. Samples of serum and urine were assayed for
albumin by rocket electrophoresis [121. Rat serum albumin was
Tryptophan prevents proteinuria in uremic rats 475
Table 2. Comparison of control (C) rats with seven/eighths nephrectomized rats maintained on a regular diet (UR) or one supplemented with
excess tryptophan (UT) from the time of right nephrectomy
C UR
(N= 13)
UT
(N= 12) (N = 13)
Mean Median Range Mean Median Range Mean Median Range
Weight, g 302 286 206 to 391 288 280 216 to 382 268 280 203 to 306
Serum albumin concentration,
mg/mi 34.4 34.2 30.9 to 40.1 31 29.9 25.5 to 37.8a 33.2 32.9 28.2 to 41.1
Blood urea nitrogen, mg/di 16.1 15.5 11 to 22 69.5 59 42 to 128" 56 56 40 to 75b
Serum creatinine, mg/dl 0.47 0.46 0.32 to 0.61 1.48 1.38 1.03 to 2.73h 1.55 1.58 1.11 to 2.04"
Endogenous creatinine clearance,
mI/mm 1.92 1.88 1.3 to 2.5 0.63 0.65 0.87 to 0.315" 0.57 0.57 0.85 to 0.32"
Total albumin loss, mg/lOU g
body weight/hr 4.47 4.34 1.16 to 5.81 6.29 6.52 2.84 to 8.98b 4.74 4.56 3.95 to 5.80c
Endogenous albumin catabolism,
mg/lOU g body weight/hr 4.46 4.53 1.12 to 5.81 5.23 5.41 1.75 to 7.37 4.69 4.55 3.93 to 5.78
Albuminuria, mg/IOU g body
weight/hr 0.02 0.0065 0.001 to 0.103 1.12 1.29 0.109 to 2.64" 0.055 0.036 0.013 to 0.l97d
Proteinuria, mg/lOU g body
weight/hr 0.177 0.105 0.003 to 0.412 1.50 1.53 0.311 to 2.98b 0.267 0.143 0.079 to 1.09"
a Difference from group C is < 0.05.
"Difference from group C is < 0.01.
Difference from group UR is < 0.05.
Difference from group UR is <0.01.
purified [13] and iodinated by the chloramine T method [14].
The 1251-labeled albumin was biologically screened by injecting
it into a rat and harvesting the serum after 36 hr.
Measurement of albumin catabolism. In rats in which albu-
min catabolism was measured, 10 Ci of 1251-labeled albumin
was injected into the tail vein under sodium pentothal anesthe-
sia. Blood samples were obtained at 5, 15, 30, and 90 mm and
then once hourly for 5 hr after the first 90 mm of sampling were
completed. Thereafter, blood samples were obtained daily for
10 days. '25lodine was counted in each of three l0-1.d aliquots
from each serum sample using a gamma counter (Packard
model 3002, Downers Grove, Illinois).
Total albumin clearance was calculated using the method of
dose divided by the area under the curve [15].
Counts injectedAlbumin clearance = Area under the curveS (1)
To convert this from milliliter per hour to milligram per hour,
albumin clearance is multiplied by the serum albumin concen-
tration. This product is the total rate of albumin loss. Total
albumin loss is the sum of endogenous catabolism of albumin
plus external losses. In the absence of exudative skin lesions,
external losses are represented by proteinuria. To calculate that
portion of albumin loss that was represented by endogenous
catabolism of albumin, albuminuria was subtracted from the
total albumin loss measured in each animal. This term is the
metabolic clearance of albumin, the catabolic rate.
Urine protein electrophoresis. The characteristics of urinary
protein were examined using discontinuous polyacrylamide gel
electrophoresis [16]. A 3% spacer gel was used and the resolv-
ing gel was 10% polyacrylamide. Molecular weight standards
obtained from BioRad were run simultaneously. Gels were
stained with Coomassie brilliant blue R250 and destained in
methanol acetic acid and scanned at 540 nm with recording
spectrophotometer (Gilford model 250, Oberlin, Ohio) [131.
Urinary protein was measured by the method of Bradford [17].
Electrophoresed urine samples contained between 5 and 6.5 g
of rat serum albumin. Urine samples obtained from control rats
were filtered through Sephadex G25 to remove salt and urea.
The samples were then concentrated to small volumes by
lyophilization. The content of albumin was determined by
immunoelectrophoresis as described earlier.
Values are reported as mean SEM. Student's t test was used
for comparison of unpaired values or paired values where
appropriate.
When three groups of animals were compared, the Kruskal-
Wallis nonparametric test was used to compare the data;
medians and ranges are reported [18].
Results
Table 2 compares the characteristics of renal function, serum
albumin concentration, albumin catabolic rates, and urinary
albumin and protein excretion rates in groups C, UR, and UT.
There were no significant differences in the serum albumin
concentrations between the two uremic groups although the
serum albumin concentration was significantly less in the UR
group than in the C group. Although there were no differences
whatsoever between the two uremic groups with respect to
renal impairment, blood urea nitrogen, serum creatinine or
creatinine clearance, albuminuria and proteinuria were reduced
significantly in the UT rats compared with the UR rats and the
same as group C rats.
Switching seven-eighths nephrectomized rats from a trypto-
phan-supplemented diet to a standard diet resulted in a signifi-
cant increase in urinary albumin and protein excretion after the
rats were taken off the high tryptophan diet (Fig. 1). Albumin-
uria in the UTT rats, after 4 and 8 weeks of tryptophan-
supplemented diet, was essentially the same: 0.021 0.015
after 4 weeks versus 0.045 0.043 mg/100 g body weight/hr
after 8 weeks.
When seven-eighths nephrectomized rats (URT) were
switched from a standard diet to one supplemented with trypto-
phan, urinary albumin excretion increased from 1.6 0.79 to
1.76 1.29 mgIlOO g body weight/hr while urinary protein
excretion increased from 1.65 1.08 to 2.75 2.47 mg/100 g
body weight/hour. Neither change was statistically significant.
Blood pressure. Systolic blood pressure measured in 8 UT
and 8 UR rats was elevated in the UR rats (134 18.4 mm Hg
compared with 107.3 9.92 and 108 12.2 mm Hg in the C [P
< 0.0011 and UT [P < 0.02] rats, respectively). Uremic rats
maintained first on a tryptophan-supplemented diet and then
switched to a regular diet 4 weeks after nephrectomy (UTR)
were almost as hypertensive as the UR rats (129 37 mm Hg,
N = 6; P < 0.025 when compared with C rats). When uremic
rats maintained on a regular diet were switched to a tryptophan-
supplemented diet (URT), hypertension was not suppressed
(126 16.9 mm Hg, N = 6).
Histologic studies. Significant glomerular, interstitial, and
tubular abnormalities occurred in both UR and UT animals.
Most glomeruli had mesangial deposits of material that were
positive when stained with periodic acid-Schiff stain. Focal and
global glomerular scleroses were encountered frequently. Some
glomeruli had periglomerular sclerosis and occasional adhe-
sions of glomerular tufts to Bowman's capsule. The glomeruli
were classified into normal and abnormal groups. The abnormal
glomeruli were classified as totally sclerosed or not. At least 50
glomeruli were scored from each kidney remnant and the
results appear in Figure 2. There were no significant differences
between the two groups.
In both groups of animals, the interstitium was inflamed
markedly with round cell infiltration. The tubules were dam-
aged to varying degrees and ranged from normal to widely
dilated and filled with either proteinaceous or cellular casts.
Blood vessels in both groups of animals showed mild hypertro-
phy. In no case was there a difference between the two groups
of animals as far as histologic change was concerned.
Figure 3 shows the results of discontinuous polyacrylamide
SDS gel electrophoresis of representative urine samples ob-
tained from two rats. Several high molecular weight peaks
between 180,000 and 260,000 daltons could be identified and
were grouped as peak I (Table 3). Molecules of 67,000 daltons
were identified as albumin and constituted peak IV. In addition
to those, eight more peaks could be identified. When proteins
were grouped into albumin, those proteins heavier than albumin
and lighter than albumin, definite differences among the groups
of animals became evident. Albumin made up a progressively
more significant fraction of urinary protein in group UT than in
group C and in group UR than in group UT.
Discussion
Rats subjected to seven-eighths nephrectomy develop pro-
teinuria and albuminuria, reduction of creatinine clearance, and
histologic evidence of glomerular, interstitial, tubular, and
arteriolar injury. These observations are in accord with previ-
ous investigations [2—7]. The inclusion of high quantities of
tryptophan in the diet prevents or greatly reduces the protein-
uria and albuminuria that develop as a result of seven-eighths
nephrectomy. It likewise prevents development of hyperten-
sion. It does not prevent the reduction of creatinine clearance
or the development of histologic changes that occur in this
model of renal failure in the rat.
Purkerson, Hoffsten, and Klahr [2] demonstrated that pre-
vention of hypertension does not prevent the progression of
renal failure. Our findings suggest that proteinuria may also be a
separate manifestation of the processes that occur after seven-
eighths nephrectomy and not be a part of the pathogenesis of
the progression of the functional and histologic lesions that
occur after reduction of renal mass.
Addition of tryptophan to the diet of a seven-eighths nephrec-
tomized rat in which proteinuria has developed does not reverse
the proteinuria that has developed nor does it affect hyperten-
sion. Robson et al [81 and Hostetter et al [9] suggested that the
proteinuria that develops after partial nephrectomy may result
from hemodynamic changes. If this is the case, then tryptophan
may exert its effect by preventing or altering the hemodynamic
changes. Once the hemodynamic changes have occurred, how-
A
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ever, tryptophan or its metabolites may not be capable of
reversing them.
Some investigators place proteinuria at the bridgehead of a
sequence of events that lead to eventual sclerosis of the residual
nephrons with progression of azotemia and eventually to death
from renal failure [2, 4, 5]. Purkerson, Hoffsten, and Klahr [2]
were able to prevent the progressive renal lesion that occurs
after seven/eighths nephrectomy with heparin administration
but could not prevent the proteinuria. Their explanation was
that seven/eighths nephrectomy led to increased permeability of
glomerular capillaries to serum proteins, and the increased
permeability led to glomerular protein deposits that in turn led
to progressive coagulation and thrombosis of glomerular capil-
laries. The latter process was blocked by heparin. Heparin did
not block proteinuria, however. They reasoned that proteinuria
was necessary but not sufficient to produce progression of the
renal lesion. Dietary tryptophan supplementation prevented
both proteinuria and hypertension in our study but not the
progression of histopathology.
Hostetter et al [9] proposed that the renal lesions are second-
ary to glomerular hyperfiltration that is in turn driven by the
necessity to increase solute excretion per nephron. The diets
fed to both the UT and UR rats had identical solute contents
and were isonitrogenous. They differed only in amino acid
composition. The animals each ate 20 g of their diet per day.
The solute load presented per remaining filtering glomerulus in
the two groups of animals must also then have been identical.
These findings argue against solute load, urea load, or total
amino acid load alone as being the driving force causing
hyperfiltration with resulting proteinuria.
It is possible that dietary tryptophan supplementation in-
duced renal reabsorption of albumin so that the apparent fall in
urinary albumin was due to increased renal reabsorption and
catabolism of filtered protein. One would anticipate that such a
mechanism would produce increased albumin catabolism in the
UT animals, compared with the UR and C animals, and that
total albumin loss, catabolism plus albuminuria, would be the
same in the UT and UR groups. Such was not the case. Total
albumin loss was the same in the UT and C animals and
increased in the UR animals, and endogenous albumin catabo-
lism was the same in all three groups. This finding argues
against significant increase in renal reabsorption and catabolism
of albumin in the UT group.
The filtered load of albumin per nephron is, however, in-
creased in the UT group versus the C group, a result of the
essentially constant albuminuria with a reduced number of
filtering units in the UT animals. The pattern of proteinuria in
the UT group was also not identical to that found in the C
animals but was intermediate in distribution of protein between
groups C and UR. These findings were not surprising because
of the severity of the renal histopathologic changes in the two
groups of animals.
lv
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Fig. 2. Histogram of the frequency of distribution of abnormal glomeru-
ii in kidneys of seven-eighths nephrectomized rats maintained on a
regular diet (left panel) and on a tryptophan-supplemen ted diet (right
panel). The vertical bars indicate the mean SEM.
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Fig. 3. Urine protein elect rophoretic pattern after SDS discontinuous
polyacrylamide gel electrophoresis. Urine from uremic rats fed a
regular diet (panel A), uremic rats fed a tryptophan-supplemented diet
(panel B), and control rats fed a regular diet (panel C) are compared.
The molecular weights of the protein peaks are indicated on the X axis.
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Table 3. Distribution of urinary protein by molecular weight in normal adult male (C) and seven/eighths-nephrectomized rats maintained on a
regular diet (UR) or a tryptophan-supplemented diet (UT)
Peak
Approximate
molecular weight
daltons
Group UR
N = 7
% of total
Group UT
N = 7
% of total
Group C
N = 5
% of total
I 260,000 to 180,000 5.2 5.8" 6.9 7.4 12.8 3.89
II 100,000 0.9 0.8w 10.2 6.4c 1.2 1.42" 13.2± 8.93c 25 7.7 44.3 4.51
III 86,000 4.1 2.3 5.1 5.43 6.5 3.0IV 67,000 71.1 10.5c,d 58 l1.28c 24.7 4.71
V
VI
58,0001
48,000] 9 3.17
6.3
7.7
5.85
9.47
0.7 0.49
12.2 9.85
VII 39,000 a 2.4 1.85 3.1 1.52
VIII
IX
35,000
30,000
6.7 5 18.8 7.7 1.8
2.9
2.81 29.8 2.67
4.19
0.96 0.54 30.9 2.3
1.6 1.3
X
XI
24,0001
20,000] 2.8 1.9
2.0
1.4
2.36
2.09
3.5 4.5
4.7 4.1
XII 14,000 0.3 0.6 5.3 5.8 4.1 7.6
a Peak IV is albumin.
"Different from Control P < 0.05.
Different from Control P < 0.001
d Different from UT P < 0.05.
Different from Control P < 0.01.
Different from UT P < 0.01.
Galaske, Von Liew, and Feld [19] reported that control rats
have a greater concentration of globulins than albumin in the
urine. Our findings agree with theirs: Large molecular weight
proteins made up a substantial portion of the urinary protein.
Both groups of uremic animals had a reduction in the proportion
of proteins of greater molecular weight than albumin, specifical-
ly peak II of molecular weight 100,000 daltons. There was
actually an absolute reduction in the presence of this protein in
the urine of the UT animals. This is not the result that would be
anticipated by a change in glomerular permeability based only
on an increase in effective pore size. The mechanism of the
heavy proteinuria and albuminuria in UR rats is a glomerular
leak and not a reduction in tubular reabsorption of filtered
protein [8]. Tryptophan supplementation appears to reduce this
glomerular leak of protein and may also absolutely reduce the
permeability of the glomerulus to large molecular weight
globulins.
The specific mechanism whereby tryptophan prevents the
development of hypertension and albuminuria is still not clear.
Tryptophan is a precursor of the potent vasoactive amine
serotonin, nicotinic acid, and nicotinamide-adenine dinucleo-
tide [20]. One or more of these substances may act to prevent or
ameliorate the hemodynamic adaptive response to partial renal
ablation. The mechanism whereby increased dietary protein
intake causes hemodynamic changes in the remnant kidney is
also not clear [9]. The hemodynamic changes may be mediated
by one or just a few amino acids, and the addition of excess
tryptophan to the diet may dilute the effect of this or these
"toxic" amino acids. Regardless of the mechanism, renal
pathology does progress despite prevention of hypertension,
albuminuria, and proteinuria.
Acknowledgments
This research was supported by funds from The National Institutes of
Health grant AM25350. We thank Dr. C. Biava for his generous help in
the histologic interpretation of the material, Drs. M. Holliday and M.
Humphreys for their encouragement, and Ms. M. Clarke for administra-
tive and secretarial assistance.
Reprint requests to Dr. G. A. Kaysen, Department of Medicine,
Martinez Veterans Administration Hospital, 150 Muir Road, Martinez,
California 94553, USA
References
1. CHANUTIN A, FERRIS E: Experimental renal insufficiency pro-
duced by partial nephrectomy. I. Control diet. Arch Intern Med
49:767—787, 1932
2. PURKERSON ML, HOFF5TEN PE, KLAHR S: Pathogenesis of the
glomerulopathy associated with renal infarction in rats. Kidney mt
9:407—417, 1976
3. KOLETSKY S, GOODSITT AM: Natural history and pathogenesis of
renal ablation hypertension. Arch Pathol Lab Med 69:654—662,
1960
4. SHEA SM, RA5K0vA J, MoRRisoN AB: A stereologic study of
glomerular hypertrophy in the subtotally nephrectomized rat. Am J
Pathol 90:201—210, 1978
5. SHIMAMURA T, MORRISON AB: A progressive glomerulosclerosis
occurring in partial five-sixths nephrectomized rats. Am J Pathol
79:95—101, 1975
6. MORRISON AB: Experimentally induced chronic renal insufficiency
in the rat. Lab Invest 11:321—332, 1962
7. Moiuusor. AB: Experimental chronic renal insufficiency. Methods
Achiev Exp Pathol 1:455—475, 1966
8. RoBsoN AM, MOR J, ROOT ER, JAGER By, SHANKEL SW,
INGELFINGER JR, KIENSTRA RA, BRICKER NS: Mechanism of
proteinuria in nonglomerular renal disease. Kidney mt 16:416—429,
1979
9. HOSTETTER TH, OLSON JL, RENNKE HG, VENKATACHALAM MA,
BRENNER BM: Hyperfiltration in remnant nephrons: A potentially
adverse response to renal ablation. Am J Physiol 241 :F85—F93,
1981
10. CHANEY AL, MARBACH EP: Modified reagents for determination of
urea and ammonia. Clin Chem 8:130—132, 1962
11. GRAFNETTER D, JANosovA Z, CERVINKOvA I: Note on Slot's
method for the specific determination of creatinine. Clin Chim Acta
17:493—498, 1967
12. LAURELL CB: Electroimmuno assay. Scand J Clin Lab Invest
29:21—23, 1972
13. GROSSMAN SB, YAP SH, SHAFRITZ DA: Influence of chronic renal
failure on protein synthesis and albumin metabolism in rat liver. J
Clin Invest 59:869—878, 1977
14. ROBERTS RC, SOONNENTAG CO, FRISBIE JH: Rapid preparation of
Tryptophan prevents proteinuria in uremic rats 479
autologous radioiodinated fibrinogen. J Nucl Med 13:843—846, 1972
15. ROWLAND M, TOZER TN: Clinical Pharmacokinetics: Concepts
and Applications. Philadelphia, Lea and Febiger, 1980, P. 85
16. LAEMMLI UK: Cleavage of structural proteins during assembly of
the head of bacteriophage T4. Nature 227:680—685, 1970
17. BRADFORD MM: A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem 72:248—254, 1976
18. BArn H, REID-MILLER M, KUSH T (eds): Prophet Statistics: A
Users Guide to Statistical Analysis on the Prophet System. Cam-
bridge, Bolt, Beranek and Newman, 1980, pp. 4—5
19. GALASKE RG, VON LIEw JB, FELD LG: Filtration and reabsorp-
tion of endogenous low-molecular-weight protein in the rat kidney.
Kidney mt 16:394—403, 1979
20. BENDER DA: Amino Acid Metabolism. New York, John Wiley and
Sons, 1975, p. 143
